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Abstract
Crops and forests are already responding to rising atmospheric carbon dioxide and air temperatures. Increasing 
atmospheric CO2 concentrations are expected to enhance plant photosynthesis. Nevertheless, after long-term exposure, 
plants acclimate and show a reduction in photosynthetic activity (i.e. down-regulation). If in the future the Earth’s 
temperature is allowed to rise further, plant ecosystems and food security will both face significant threats. The scientific 
community has recognized that an increase in global temperatures should remain below 2°C in order to combat climate 
change. All this evidence suggests that, in parallel with reductions in CO2 emissions, a more direct approach to mitigate 
global warming should be considered. We propose here that global warming could be partially mitigated directly through 
local bio-geoengineering approaches. For example, this could be done through the management of solar radiation at 
surface level, i.e. by increasing global albedo. Such an effect has been documented in the south-eastern part of Spain, 
where a significant surface air temperature trend of -0.3°C per decade has been observed due to a dramatic expansion 
of greenhouse horticulture. 
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The rapid increase in the concentration of atmospheric CO2 due 
to continued anthropogenic emissions of this gas is the main factor 
driving global climate change [1]. Global temperature increases by 
2100 are likely to range from 1.1°C to 6.4°C, depending on the climate 
sensitivity of the Earth and the climate model used [1]. In order to 
limit global warming to 2°C or less [2,3], a target which was proposed 
by the European Union [4], some authors predict that a reduction in 
emissions of up to 90% by 2050 would be required [5]. However, efforts 
to reduce carbon emissions so far have been relatively ineffective [6].
Both CO2 and temperature have enormous effects on the physiology 
of plants and other photosynthetic organisms. While carbon dioxide is 
the substrate of photosynthesis and is also the by-product of respiratory 
processes, temperature has a very strong effect on both of these 
biochemical reactions. Therefore, climate change will certainly have 
a significant impact on plant performance in the future. Indeed, the 
effects of elevated levels of CO2 on photosynthesis and respiration rates 
could improve the carbon balance in plants: light-saturated carbon 
uptake, diurnal carbon assimilation, and plant growth and production 
would rise, while costs associated with leaf stomatal conductance, 
tissue nitrogen content and respiration would decrease [7-12].
Also, plants can act as a sink or source for atmospheric CO2 
[8]. Since the net exchange of carbon dioxide lies in the balance 
between respiration and photosynthetic processes, small changes 
in either process can have a significant impact on the net exchange. 
An increase in CO2 concentration from 300-350 to 680 mmol mol-1 
has been described as enhancing plant growth by 7% to 25% [13,14]. 
According to the literature [15], this increase in growth is caused by 
stimulation in photosynthetic rates of between 35% and 60%. Although 
the initial stimulation of net photosynthesis associated with elevated 
CO2 concentrations is sometimes maintained during long-term 
exposure [16], it is often partially reversed in an acclimation process, 
often referred to as ‘down-regulation’ [7,15]. Decreased Rubisco 
carboxylation occurs through two basic mechanisms: one that involves 
C source/sink relationships and a second that involves N allocation [9]. 
On the other hand, several papers [17,18] raise alarms about the 
possible negative and irreversible effects on plant and crop performance 
as a result of the range of temperature increases that have been forecast 
by the IPCC [1] for the end of the century. For example, in 2003, Europe 
experienced an extreme climate anomaly, with July temperatures up 
to 6oC above the long-term average, and annual precipitation deficits 
of up to 300 mm yr-1. This caused a 30% reduction in gross primary 
productivity, which in turn resulted in a highly anomalous net source 
of CO2 (0.5 Pg C yr-1) [17]. An increase in temperatures of 4°C 
decreased the net ecosystem CO2 exchange in grasses over a two year 
period by inducing drought that suppressed net primary productivity 
in the extreme year and by stimulating heterotrophic respiration of the 
soil biota in the subsequent year [18]. This study also concluded that 
at least two years are required for the net ecosystem CO2 exchange to 
recover after a temperature stress. 
Therefore, there is a considerable risk that plant production (i.e. 
food and feed supply) could be very negatively affected by excessive 
temperature increases in the future [19] if CO2 emissions are not 
sufficiently reduced through efforts at an international level. Even if 
these emissions were to come to a complete standstill, the effects on 
climate would be long lasting. Furthermore, it has been suggested that 
climate change is largely irreversible for many years after emissions 
come to a stop [20].
In addition to proposals for the capture of CO2 from the air, and for 
capture and storage of CO2 from point sources (i.e. the CO2 would then 
be compressed and transported for storage in geological formations, 
in the ocean, in mineral carbonates, or for use in industrial processes), 
a variety of geoengineering technological solutions have been put 
forward in order to directly mitigate climate change [21]. Most of 
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these geoengineering solutions would typically require the creation 
of completely new and expensive infrastructures and industries on 
a vast scale. Furthermore, their continued maintenance into the 
indefinite future would certainly by also expensive, particularly in the 
case of stratospheric sulphate aerosols and iron fertilization where 
continual re-application year after year would be necessary [22,23]. 
Also, it is expected that all of these solutions would alter regional 
climates and would have substantial effects on climate variables 
other than temperature, such as precipitation. These geoengineering 
solutions could reduce overall precipitation, particularly that of the 
Asian and African summer monsoon, thereby threatening the food 
supply of billions [24]. Consequently, concerns about the risks posed 
by geoengineering to food security have been raised. Clearly, other 
solutions exist which, while contributing to a lesser extent to the 
mitigation of climate change on a global scale, may prove to be less 
risky and more practical in the short term as discussed below.
So, is it possible to avoid the effects of global warming if CO2 
emissions continue as they are? This is an important question since most 
of the negative effects of climate change, not only those affecting plants 
and ecosystems, are related to an increase in global temperatures. We 
propose here that the extent of global warming can be controlled directly 
through local geo-engineering approaches, which could be achieved at 
a reasonable cost. An example of this relatively low cost approach is 
connected with the management of solar radiation (i.e. by increasing 
the global albedo). Evidence for this can be found in the south-eastern 
part of Spain where a significant surface air temperature trend of 
-0.3oC per decade has been observed due to a dramatic expansion of 
greenhouse horticulture (reaching a continuous area of 26,000 ha in 
2007), the most extensive greenhouse area in the world Figure 1 [25]. 
Increasing urban albedo can reduce air temperatures and can result in 
less absorption of incoming solar radiation by the surface-troposphere 
system [26]. Since pavements and roofs typically constitute over 60% of 
urban surfaces, the albedo of both could be increased through the use 
of reflective materials by ca. 0.25 W m-2 and 0.15 W m-2, respectively. 
This would result in a net albedo increase for urban areas of ca. 0.1 W 
m-2, thereby offsetting around 44 Gt of CO2 emissions [26]. This 44 Gt 
CO2 offset is over 1 year of the 2025 projected world-wide emission of 
37 Gt of CO2 per year [26].
Moreover, Ridgwell et al. [27] have proposed a new approach in 
the mitigation of surface warming, where crop varieties which have 
specific leaf glossiness and/or canopy morphological traits could be 
chosen specifically in order to maximize solar reflectivity [27]. Using 
an ocean–atmosphere–vegetation model, Singarayer et al. [21] have 
investigated to what extent the regional effectiveness of crop albedo 
bio-geoengineering might have on a progressively warming climate 
[7]. They found that the averted warming due to increasing the albedo 
of the crop canopy by 0.04 is regionally and seasonally specific, with 
the greatest cooling of ca. 1°C for Europe in summer whereas in the 
low latitude monsoonal SE Asian regions of high density cropland, 
the greatest cooling is experienced in winter. However, despite the 
small global impact, regionally focused schemes such as crop albedo 
bio-geoengineering have provided certain benefits. Furthermore, 
according to models, solar-radiation geoengineering in high-CO2 
environments generally produces an increase in crop yields, largely 
because temperature stresses are diminished while the benefits of CO2 
fertilization are retained [28]. However, Irvine et al. [6] have looked 
at the regional and global impacts of different bio-geoengineering 
approaches and have found that the cooling effect of surface albedo 
modification is seasonal and mostly confined to the areas of application. 
In terms of urban and cropland geoengineering, the global effects are 
minor, but since they are located within areas of human activity, they 
may provide some regional benefits. 
In summary, the selection of crop varieties with higher reflectivity, 
the use of reflective pavements, painting buildings and roofs with 
light colours, and other similar bio-geoengineering approaches at a 
local level will lead to an increase in albedo and thus decrease global 
temperatures. In addition to efforts currently underway to reduce CO2 
emissions, this body of evidence suggests that the use of local bio-
geoengineering can increase local surface albedo and, consequently, 
decreasing surface temperature, that in turn could increase growth 
rates of plants. 
However, it must be stated that we are not advocating the use of local 
bio-geoengineering as an alternative to reducing CO2, but rather that 
these bio-geoengineering solutions could be implemented in parallel 
with other programs for the reduction of CO2 emissions. Furthermore, 
these could easily be implemented in developing countries, and at the 
same time help to bring new opportunities to their economies. Each 
country should therefore find the local ‘non-costly’ bio-geoengineering 
approaches that best suit their situation and adapted to their capabilities 
(such as changing crop albedo, urban surfaces, and so on). 
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Figure 1: The ‘plastic sea’ of El Ejido, Almeria, Spain, the most extensive 
greenhouse area in the world (Photo: Ramón Vallejo, Universitat de Barcelona).
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